Individuals with autism spectrum disorder (ASD) often have difficulty with social-emotional cues. This study examined the neural, behavioral, and autonomic correlates of emotional face processing in adolescents with ASD and typical development (TD) using eye-tracking and eventrelated potentials (ERPs) across two different paradigms. Scanning of faces was similar across groups in the first task, but the second task found that face-sensitive ERPs varied with emotional expressions only in TD. Further, ASD showed enhanced neural responding to non-social stimuli. In TD only, attention to eyes during eye-tracking related to faster face-sensitive ERPs in a separate task; in ASD, a significant positive association was found between autonomic activity and attention to mouths. Overall, ASD showed an atypical pattern of emotional face processing, with reduced neural differentiation between emotions and a reduced relationship between gaze behavior and neural processing of faces.
Introduction
Individuals with autism spectrum disorder (ASD) share a range of characteristics, including impairments in social and emotional reciprocity, communicative difficulties, and restricted or repetitive behaviors. Because adept face processing is an essential component of successful social functioning, particularly with respect to interpreting another individual's emotional state, a growing body of research has focused on understanding emotional face processing difficulties in individuals with ASD. This work has identified atypicalities in the behavioral, neural, and autonomic processing of emotionally-expressive faces (e.g., Ashwin et al. 2006; Bal et al. 2010; Celani et al. 1999; Dawson et al. 2004; de Wit et al. 2008; Hall et al. 2003; Pelphrey et al. 2002; Rutherford and Towns 2008) .
Some behavioral studies have found impaired emotion recognition in adults with ASD, including slower and less accurate identification of emotions (e.g., Celani et al. 1999; Ashwin et al. 2006; Baron-Cohen et al. 1997; Sawyer et al. 2012) . Work using eye-tracking methods has examined scanning of emotional faces in children and adults with ASD and found that these individuals spend less time on core features (i.e., eyes, nose, and mouth) as compared to their typically-developing peers (e.g., de Wit et al. 2008; Pelphrey et al. 2002) . A recent study by Sawyer et al. (2012) measured emotion recognition performance and scanning patterns in individuals with Asperger's Syndrome (AS) and found that deficits in emotion recognition cannot be fully explained by differences in face scanning, as individuals with AS showed no difference in time on the eye region but still showed this behavioral difference.
While behavioral measures can provide important information about impairments in face processing, recent research has also begun exploring the timing of neural activity associated with these atypicalities using event-related potentials (ERPs). ERPs provide a non-invasive method for assessing the temporal dynamics of the brain from infancy through adulthood (for a review, see Nelson and McCleery 2008) , and extensive work has used this method to examine emotional face processing across development. Two early-occurring face-sensitive components have been studied: the P1 (a positive peak at 100 ms after stimulus onset) and the N170 (a negative peak at 170 ms after stimulus onset) (e.g., Bentin et al. 1996; Cassia et al. 2006; Hileman et al. 2011; Taylor 2002, 2004; Rossion et al. 1999) . In typicallydeveloping populations, differential ERP responses to emotional faces have been found in adults, as well as infants as young as 7-months-old, with several studies pointing to larger amplitude face-sensitive components to fearful expressions in comparison to other emotions (e.g., Batty and Taylor 2003; Dawson et al. 2004; Leppanen et al. 2007; Nelson and de Haan 1996; Rossignol et al. 2005) .
A growing set of studies with children and adults with ASD have used electrophysiological measures to examine neural responding to faces in general (e.g., Dawson et al. 2002; Hileman et al. 2011; McPartland et al. 2004 McPartland et al. , 2011 Webb et al. 2006 Webb et al. , 2009 Webb et al. , 2010 ; for a review, see Jeste and Nelson 2009 ), but few have examined ERPs in response to emotionally-salient face stimuli in this population, and for these studies, the results have been mixed. Dawson et al. (2004) presented preschoolers with ASD with fearful and neutral expressions while recording ERPs and found that while typically-developing participants show heightened responses to fearful faces, children with ASD showed no such difference. A recent study, however, found minimal differences between ASD and typically-developing participants. Wong et al. (2008) presented emotional faces to 6-to 10-year-old children with ASD and a group of typically-developing children and found no differences in responding for the two groups (and no differences between emotions) in the P1 and N170, though source localization analyses did reveal differential activity in the ASD group as compared to the typically-developing group.
One reason for the discrepancies found in previous ERP studies may be due to the heterogeneity in face scanning patterns in individuals with ASD. For example, while studies using fMRI have pointed to atypical neural responding to faces in ASD (e.g., Critchley et al. 2000; Ogai et al. 2003; Pierce et al. 2001) , more recent work examining scanning patterns alongside neural activation by Dalton et al. (2005) reveals that these differences can be explained in part by differential visual attention to faces. However, the previously discussed work of Sawyer et al. (2012) shows that differences in visual scanning alone cannot account for the impairments in emotion recognition found in their study. Differences in emotion processing in individuals with ASD has also been posited to relate to atypical regulation of the sympathetic nervous system, which can lead to physiological manifestations of heightened arousal, such as increased pupil dilation, heart rate, and skin conductance, and decreased respiratory sinus arrhythmia (e.g., Anderson and Colombo 2009; Bal et al. 2010; Hirstein et al. 2001; Schoen et al. 2008; Vaughn Van Hecke et al. 2009 ).
The present study used one eye-tracking task and one ERP task in a group of adolescents with ASD and a group of age-and IQ-matched typically-developing (TD) adolescents with three aims: (1) examine scanning patterns and autonomic activation, as indexed by pupil diameter, to emotional faces using eye-tracking, (2) examine early posterior ERP responses (i.e., P1 and N170) to emotional face stimuli and non-social control stimuli (i.e., houses), and (3) examine how behavioral, autonomic, and electrophysiological measures of emotional face processing relate to one another across tasks. The present work had four hypotheses: (1) ASD will show larger pupil diameter, a measure of sympathetic arousal, in response to emotional faces as compared to TD (e.g., Bal et al. 2010; Vaughn Van Hecke et al. 2009; Anderson and Colombo 2009) ; (2) TD will show the greatest N170 face-sensitive ERP component in response to fearful faces (e.g., Batty and Taylor 2003; Leppanen et al. 2007; Rossignol et al. 2005 ); ASD will show no differentiation between emotional faces (e.g., Dawson et al. 2004) ; (3) TD and ASD will both show a significant relationship between behavioral responses to faces in an eye-tracking task (i.e., visual scanning patterns) and N170 face-sensitive ERP efficiency in an electrophysiological task (e.g., ); (4) ASD will show a relationship between autonomic activation (i.e., pupil diameter) and visual scanning patterns (e.g., Dalton et al. 2005) . Because results from past work are mixed with regards to group differences in visual scanning patterns to faces (e.g., Pelphrey et al. 2002 find differences; Sawyer et al. 2012 find similarities), analyses of visual scanning patterns were exploratory.
Methods

Participants
The final sample consisted of two groups of adolescent males ranging in age from 13-21 years-old: 18 individuals with a diagnosis of ASD and 20 typically-developing (TD) participants. Participants were included in the final analysis if they had sufficient data from either the eye-tracking or the ERP paradigm. ERP data from four participants (one ASD and three TD) were excluded due to experimenter error. After data-editing, one additional typically-developing participant was excluded due to a high level of ERP noise. Eyetracking data from two participants (one ASD and one TD) was lost due to experimenter error. The ASD and TD groups did not differ significantly in age (TD group: M = 17.9, SD = 2.5, range: 14.0-21.6; ASD group: M = 17.0, SD = 2.2, range: 13.6-21.1; t(36) = 1.25, p = .22).
Participants with autism were recruited from the community in the greater (Boston) area, including participants who had already participated in studies at (Children's Hospital Boston, Boston University, or Massachusetts Institute of Technology). Typically-developing participants were recruited from the Participant Recruitment Database of the (Laboratories of Cognitive Neuroscience at Children's Hospital Boston). Project approval was obtained from the Institutional Review Board of (Children's Hospital Boston).
All subjects were asked for their medical history during a phone screen at the time of enrollment; for participants over 18, this was self-report, and for those under 18, it was through parental report. The phone screen asked about any past and current medical and psychiatric diagnoses and use of medications. All participants in the autism group had received a prior clinical diagnosis of autism spectrum disorder. Upon enrollment, diagnoses of ASD were confirmed using the Autism Diagnostic Observation Schedule (ADOS; Lord et al. 2002) and the Social Communication Questionnaire (SCQ; Berument et al. 1999) . Participants included in the ASD group had an ADOS score >7 (M = 12.4, SD = 4.2, range: 8-23) and an SCQ score >15 (M = 22.3, SD = 3.7, .
Eleven of the 18 participants with ASD reported medications associated with symptoms of ADHD, depression, and psychosis, or some combination thereof. Due to low sample size associated with removal of these participants, the present study was unable to isolate the impact of medications on the results (a limitation that is discussed in the "Discussion" section). Despite the large number of ASD reporting the use of medication, only one subject reported co-morbid diagnoses of Obsessive-Compulsive Disorder (OCD) and Attention Deficit Hyperactivity Disorder (ADHD). Preliminary analyses revealed that removal of this single participant did not influence results of the eye-tracking and ERP analyses, and the subject was therefore included in all subsequent analyses.
TD subjects not reporting any psychiatric disorders or related medications during the enrollment questionnaire were enrolled and subsequently administered the SCQ to rule out an ASD diagnosis. All TD individuals had SCQ scores <5 (M = 1.9, SD = 1.1, range: 1-4). For participants in both groups, IQ was tested using the Kaufman Brief Intelligent Test, Second Edition (K-BIT-2; Kaufman and Kaufman 2004) ASD and TD subjects enrolled in the present study were enrolled in a larger multi-site and multi-modal study funded by the (Boston Autism Consortium), with fMRI conducted at (Massachusetts Institute of Technology) and MEG conducted at (Massachusetts General Hospital). The ERP task used in the present work was designed in parallel with the task and stimuli used in the fMRI and MEG task. The eye-tracking task was a separately added task based on work in our lab with younger children with ASD.
Stimuli
Eye-Tracking-Stimuli for the eye-tracking task consisted of photographs of five female faces, each displaying happy, fearful, or neutral expressions (see Fig. 1a ). These images were chosen from the NimStim library (Tottenham et al. 2009 ).
Event-Related Potentials-Stimuli for the ERP task consisted of photographs of male and female faces conveying angry, fearful, or neutral expressions, as well as photographs of houses (see Fig. 1b ). Faces were shown in a frontal orientation and cropped with a black ovoid mask to cut out extraneous cues, such as hair, ears, and clothing. Houses were cropped in the same manner to ensure standardization of stimuli. The images of faces were taken from Ekman pictures of facial affect (Ekman and Friesen 1976) . Images of houses were taken from prior work by Kanwisher et al. (1997) .
Apparatus
Eye-Tracking-Participants were seated on a chair in front of a 17″ TFT Tobii T60 monitor. Images were presented on the monitor using Clearview software running off a Dell laptop (Tobii Technology AB; www.tobii.com). During stimulus presentation, the Tobii monitor recorded gaze location and pupil diameter for both eyes based on the reflection of near-infrared light from the cornea and pupil. Gaze and pupil information was sampled at a frequency of 60 Hz. Monitor specifications included an accuracy of 0.5° of the visual angle and a tolerance of head movements within a range of 44 × 22 × 30 cm.
Event-Related Potentials-Electroencephalogram (EEG) was recorded continuously throughout the ERP task using a 128-channel HydroCel Geodesic Sensor Net, which was referenced on-line to vertex (Cz). The electrical signal was amplified with a .1-100 Hz bandpass filter, digitized at a 500 Hz sampling rate, and stored on a computer disk for further processing and analysis.
Procedure
For the eye-tracking and ERP tasks, participants were seated in a chair in front of a Tobii T60 monitor in an electrically-and sound-shielded testing room with dim lighting. The chair was positioned such that each participant's eyes were approximately 60 cm from the monitor. All participants were run first through the eye-tracking task and then the ERP task.
Before beginning the eye-tracking experiment, participants completed a calibration procedure to ensure the eye-tracker was adequately tracking gaze. In this calibration procedure, participants were asked to follow a red dot as it appeared at 5 locations: each of the four corners of the monitor and the center of the screen. Following calibration, the Clearview program reported whether the eye-tracker successfully picked up gaze at the five locations. If calibration was successful, the experimental procedure was begun. If calibration was unsuccessful, the monitor and chair were adjusted and the calibration procedure was rerun until it successfully picked up on all five locations of gaze.
Following calibration, participants were presented with 15 images of female faces. Each image in the stimulus set (which included five different female faces, each displaying happy, fearful, and neutral expressions) was presented once in a randomized order. Faces were shown for 5 s each, with a 2-s interstimulus interval in which the screen was blank white. Participants were instructed simply to scan the faces as they appeared on the screen.
Next, continuous EEG was recorded as participants viewed face and house stimuli. Each stimulus was shown on the screen for 500 ms, followed by a white screen for 100 ms. Participants were chosen randomly to view one of three possible versions of the test. Each version showed 46 angry faces, 46 fearful faces, 46 neutral faces, and 46 houses (184 photographs in total) in a semi-randomized order. Between blocks of randomly ordered stimuli, one photograph was shown twice in a row. In an effort to ensure participants were remaining attentive to the stimuli throughout the test, participants were instructed to press a button when they saw two photographs appear in row.
Data Analysis
Eye-Tracking-Gaze and pupil data were collected at a sampling rate of 60 Hz throughout the testing session. Before the eye-tracking data were exported from the Clearview program, specified areas of interest (AOIs) were drawn onto the stimuli, enabling the subsequent export and analysis of gaze data within these particular AOIs. For each face image, three AOIs were drawn: (1) overall face, (2) eye region, and (3) mouth region. The size of each AOI remained constant across the three emotions.
Following the drawing of AOIs, each participant's eye-tracking data was exported from Clearview. This export yielded a series of text files containing the x and y coordinates of gaze for each eye as well as pupil diameter throughout the test session. The Clearview software also identified the time samples in which gaze fell within one or more of the three specified AOIs. These exported data files were run through a custom-made Python script (Python Programming Language; www.python.org), which extracted and summed gaze duration for each AOI and calculated average pupil diameter. Using gaze duration and pupil diameter from same-emotion trials, three sets of variables were calculated: (1) duration of gaze to the eyes and mouth (out of the 25 s total time each emotion was presented); (2) proportion of time on the eyes and mouth, calculated as a function of total time on the face; and (3) average pupil diameter to the eyes, mouth, and face overall.
Event-Related Potentials-The data were analyzed offline with NetStation 4.2 EEG analysis computer software (EGI: electrical geodesic incorporated). The continuous EEG was digitally filtered using a 30 Hz low-pass filter and then segmented to 1,200 ms after stimulus presentation, with a baseline period beginning 100 ms before stimulus onset. It was then baseline corrected to the mean amplitude of the 100 ms baseline period. Trials with eyeblinks (defined by a voltage exceeding ±140 μV) were excluded from further analysis. The remaining segments were visually examined by an experimenter to identify bad channels and other artifacts (e.g., eye movements, body movements, or high-frequency noise). The whole trial was excluded from further analysis if >10 % of channels were marked bad for that trial.
Average waveforms were generated for each individual participant within each experimental condition (angry, fearful, neutral, and house) and re-referenced to the average reference. Participants with fewer than 10 good trials per condition were excluded from further analysis. The mean number of total accepted trials did not differ between the ASD group (M = 115.53, SD = 28.18) and the TD group (M = 132.27, SD = 34.7); t(30) = −1.49, p = .15. Analyses focused on posterior electrodes, which were grouped into left (50, 58, 64, 65), middle (71, 72, 75, 76) , and right (90, 95, 96, 101) regions of interest (see Fig. 2 ). Average peak amplitude and latency values for the P1 and N170 components were extracted for each individual participant for each stimulus condition at each of the three posterior scalp regions.
Results
The behavioral, autonomic, and electrophysiological analyses were first conducted with all subjects and then conducted after removal of the two subjects with IQ below 85 (one ASD with IQ of 63 and one TD with IQ of 81). Only one finding changed as a result: Amplitude of the P1 in response to house stimuli (analysis detailed below) went from a significant interaction between region and group (p = .041) to a marginally significant trend (p = .068). All other findings remained consistent across the two analyses and these two subjects were therefore included in all reported results.
Single Task Analyses: Eye-Tracking
Scanning of Eyes and Mouth-To examine duration of looking to the eye and mouth region across the five 5 s presentations of each emotion, a 3 (Emotion: fearful, happy, neutral) × 2 (Region: eyes, mouth) × 2 (Group: ASD, TD) repeated-measures ANOVA with the within-subjects effects of emotion and region and the between-subject effect of group was used. This analysis revealed a main effect of region, with participants spending significantly more time on the eye region (M = 8. A parallel set of analyses examined proportion of time spent on the eyes and mouth and found the identical set of findings. Table 1 presents mean duration and proportion of time spent on the eye and mouth region for each emotion for ASD and TD.
Pupil Diameter to Eyes and Mouth-To examine autonomic activation during viewing of emotional faces, a 3 (Emotion) × 2 (Region: eyes, mouth) × 2 (Group) repeated-measures ANOVA was run with the within-subjects effects of emotion and region and the betweensubject effect of group. A main effect of region was found, F(1,29) = 23.92, p < .001, , with larger pupil diameter to the mouth region (M = 3.56, SD = .75) than to the eye region (M = 3.49, SD = .78). No other main effects or interactions were significant (see Table 1 for mean pupil diameter for each emotion for ASD and TD).
Eye-Tracking Summary
Analyses of total looking, proportion of looking, and pupil diameter to the eye and mouth regions revealed no differences between ASD and TD. All three analyses found differences between responses to the eye and mouth region, with scanning patterns showing increased looking to the eye region, and the scanning of each emotional face modified by the emotion presented. Finally, pupil diameter showed increased size to the mouth region as compared to the eye region.
Single Task Analyses: Event-Related Potentials
Figures 3 and 4 show grand averaged ERP waveforms for angry, fearful, and neutral faces (Fig. 3a, b ) and for house (Fig. 4) for TD and ASD. The present analyses examined peak amplitude of the P1 and N170 components for the three emotional faces, as well as for the house stimuli. Additional analyses examined latency of responses in the P1 and N170 components but revealed no significant effects or interactions with group and will not be discussed in detail in the single-task ERP analyses.
Response to Emotional Faces: Amplitude-P1 In order to examine the peak amplitude of the P1 component, a 3 (Emotion: angry, fearful, neutral) × 3 (Region: left, middle, right) × 2 (Group: ASD, TD) repeated-measures ANOVA was run using emotion and region as the within-subjects factors and group as the between-subjects factor. A main effect of region was found, F(2,60) = 11.60, p < .001, , with a significantly higher amplitude component over the middle region (M = 8.95, SD = 4.49) as compared to the left region (M = 6.32, SD = 2.76; t(31) = 4.40, p < .001, d = .71) and the right region (M = 6.59, SD = 2.44; t(31) = 3.52, p = .001, d = .65). No other main effects or interactions were significant.
N170
Parallel to the previous ERP analysis, a 3 (Emotion) × 3 (Region) × 2 (Group) repeated-measures ANOVA was used to examine the peak negative amplitude of the N170 component. This analysis revealed a main effect of region, F(2,60) = 52.69, p < .001, , driven by a significantly larger N170 in lateral regions (right: M = −3.80, SD = 3.23; left: M = −3.14, SD = 2.71) as compared to the middle region (M = 1.18, SD = 3.62; ts > 7.3, ps < .001, d > 1.35). The difference between the right and left region was not significant (p = .15).
Additionally, an interaction between emotion and group was found, F(2,60) = 3.35, p = .
042, (Fig. 5) . Post hoc paired comparisons revealed that while ASD showed no differentiation in the N170 component between fearful (M = −1.75, SD = 3.05), angry (M = −2.29, SD = 3.71), and neutral faces (M = −1.64, SD = 2.80) (all ps > .18), TD showed a significantly more negative N170 response to fearful faces (M = −2.39, SD = 2.72) as compared to angry faces (M = −1.32, SD = 2.46; t(14) = 2.27, p = .04, d = .41), and a trend towards a more negative response to neutral faces (M = −2.13, SD = 2.96) than angry faces (t(14) = 1.68, p = .11, d = .30). No other significant main effects or interactions were found.
Response to Houses: Amplitude-P1 A 3 (Region: left, middle, right) × 2 (Group: ASD, TD) repeated-measures ANOVA with region as the within-subjects factor and group as the between-subjects factor examined the amplitude of the P1 component in response to houses and found a main effect of group (F(1,30) = 6.14, p = .019, ): ASD showed a significantly larger P1 amplitude to houses (M = 8.57, SD = 3.48) than TD (M = 5.91, SD = 2.42) (Fig. 4) . Further, an interaction between group and region was found, F(2,60) = 3.37, p , with the greatest minimum amplitude found over the right region. A marginal main effect of group was also found, F(1,30) = 3.77, p = .062, , such that TD participants showed a trend towards a more negative N170 amplitude to houses (M = .20, SD = 3.82) as compared to ASD (M = 2.86, SD = 3.93).
ERP Summary
Analyses of the amplitude of the P1 and N170 components in response to emotional faces and house stimuli revealed a pattern of differences between ASD and TD. The N170 response to faces showed no differentiation between emotions in ASD, while TD showed a larger response to fearful faces as compared with angry faces. ASD did, however, show a greater P1 response to houses as compared to TD. There were no significant group differences in the P1 response to emotional faces or the N170 response to houses.
Cross-Task Analyses: Eye-Tracking and Event-Related Potentials
A final set of analyses were run to examine the relations between performance on the eyetracking task and the ERP task. Four scanning measures and four ERP measures were used in the present analyses. The face scanning measures included: (1) total time on eyes, (2) total time on mouth, (3) proportion of time on eyes, and (4) proportion of time on mouth; ERP measures included: (1) P1 amplitude to faces; (2) P1 latency to faces; (3) N170 amplitude to faces; and (4) N170 latency to faces. Eye-tracking and ERP variables were collapsed across emotion to capture general behavioral and neural processing of faces. One additional variable, average pupil diameter to faces overall during the eye-tracking task, was also included to assess the relation between scanning measures, ERP responses, and autonomic activation. Pupil diameter to faces overall was used in order to allow data from all eyetracking subjects to be included, as three subjects had missing data in the eyes and mouth analysis above.
Partial correlations, controlling for age and composite IQ, were run examining each scanning measure alongside five variables, the four ERP variables and pupil diameter. The Bonferroni correction was applied to account for multiple comparisons (i.e., instead of a significance level of p = .05 or less, this level was divided by 5, the number of comparisons for each variable, so a significance level of p = .01 or less was used for the present correlations).
In the ASD group, no significant correlations between eye-tracking scanning patterns and ERP measures were found; however, individuals with ASD showed a significant positive association between total time on the mouth and pupil diameter, r(12) = .68, p = .007, as well as proportion of time on the mouth and pupil diameter, r(12) = .66, p = .01. For the TD group, a significant correlation was identified between scanning patterns and ERPs: a greater proportion of time spent on the eyes during the eye-tracking task was associated with a faster N170 response to faces, r(9) = −0.79, p = .004. A greater proportion of time spent on the mouth during the eye-tracking task was also associated with a slower N170 response to faces, r(9) = 0.67, p = .024, but this finding did not reach significance after accounting for multiple comparisons (corrected p = .01). Additionally, pupil diameter in TD participants was positively associated with P1 latency, such that greater pupil diameter in response to faces related to a slower P1 component, r(9) = 0.78, p = .005.
Discussion
The present study is the first to examine associations between early ERP responses to faces, measures of face scanning, and autonomic arousal to faces in ASD and TD adolescents. Eye-tracking measures revealed similar scanning of emotional faces in ASD and TD groups overall. For example, both groups looked more at the eye region overall and more at the mouth for happy than fearful or neutral faces. While visual scanning of faces showed minimal group differences, ERP measures revealed a lack of neural differentiation between emotion types in the ASD group. Furthermore, while individual differences in looking time predicted ERP differences in the TD group, no such correlations were seen in the ASD group. Finally increased pupil diameter (an index of sympathetic arousal) was associated with increased looking time to the mouth in ASD participants only. Overall these findings suggest subtle differences in neural and behavioral emotion perception in high-functioning adolescents with ASD as compared to age-and IQ-matched typically-developing adolescents.
With regards to our first hypothesis of greater autonomic activation in ASD as compared to TD, there were no group differences in pupil diameter in response to emotional faces. However, in line with our fourth hypothesis of a relation between autonomic activity and scanning patterns, there was a significant positive relation between pupil diameter and attention to the mouth region (both absolute time and proportion of time as a function of total time on the face). Pupil diameter can be controlled by the sympathetic and parasympathetic nervous system, with the sympathetic nervous system mediating responses to emotionally-salient stimuli (e.g., Bradley et al. 2008; Siegle et al. 2003 ) and the parasympathetic nervous system mediating processes related to increased cognitive load or attention (e.g., Porter et al. 2007; Siegle et al. 2004 ; for a recent review, see Laeng et al. 2012) . Following from recent work by Bradley et al. (2008) , pupil diameter in the present work is likely mediated by sympathetic arousal. Bradley et al. (2008) presented typicallydeveloping individuals with images of faces varying in emotion while monitoring pupil dilation, heart rate, and skin conductance. By measuring pupil responses alongside two other measures of autonomic activity, Bradley et al.'s findings (2008) strongly support the conclusion that pupil dilation in response to emotionally-salient faces is moderated by the sympathetic nervous system. It could then be posited that adolescents with ASD in the present study who find faces increasingly arousing have adapted differential scanning strategies, with increased attention to the mouth region. The significant association between sympathetic arousal and gaze patterns in individuals with ASD is consistent with recent work by Dalton et al. (2005 Dalton et al. ( , 2007 , that found increased amygdala activation associated with increased fixations in the eye region.
Our second hypothesis posited that TD would show greater N170 responses to fearful faces, while ASD would not show electrophysiological differences between the three emotions. TD participants showed significantly greater responses to fearful faces as compared to angry faces, which is consistent with past ERP work in adults showing a larger N170 to fearful faces as compared to other emotions (e.g., Batty and Taylor 2003; Leppanen et al. 2007; Rossignol et al. 2005) . However, individuals with ASD showed no differences in N170 amplitude between the three emotions. A potential concern with using passive viewing tasks in ASD is that, since participants are not being asked to look at a particular area of the face, neural differences in face processing could be explained by behavioral differences in scanning (e.g., Dalton et al. 2005) . A supplementary analysis of scanning behavior during the eye-tracking task examined whether group differences in gaze behavior during the first 500 ms of presentation of an emotional face were found. No group differences were found in this shortened window (which matched the duration of ERP stimulus presentation), consistent with the lack of group differences in the eye-tracking analyses overall. In line with work by Sawyer et al. (2012) , it appears that atypicalities in emotional face processing (i.e., an emotion recognition task in their work and the ERP task in our work) are likely not explained solely by differences in scanning of faces. The present study, however, used a different task to examine scanning behavior, and therefore this possibility of differential viewing patterns during the ERP task cannot be entirely ruled out.
In response to images of houses, individuals with ASD showed a larger amplitude P1 component compared to TD participants, and this response was distributed differently across the scalp by the two groups. Increased P1 responses have been attributed to enhanced early visual processing and attention (e.g., Heinze et al. 1990; Luck et al. 1990) , and the present finding suggests increased resources for processing non-social stimuli in ASD alongside a lack of differentiation between emotional faces. This is consistent with studies showing enhanced attention and processing of non-social stimuli in ASD as compared to TD individuals (e.g., Ashwin et al. 2009; Kemner et al. 2008; Webb et al. 2006; Mottron et al. 2009) , and fMRI work showing enhanced processing of visuospatial stimuli in early visual areas in ASD (Manjaly et al. 2007; Soulieres et al. 2009 ). Webb et al. (2006) , for example, used ERPs in 3-to 4-year-old children with ASD and typically-developing children and found that the ASD group showed slower neural responding to faces alongside larger amplitude responses to objects.
Enhanced attention to non-social stimuli has also been found to distinguish between firstdegree relatives of individuals with ASD and individuals with no familial risk of ASD (e.g., McCleery et al. 2009; Noland et al. 2010) . McCleery et al. (2009) used ERPs to measure face and object processing in two groups of 10-month-old infants, one group with an older sibling diagnosed with ASD and another group with no familial risk. While low-risk infants showed faster responses to faces than objects, high-risk infants showed the opposite pattern, and object responses were faster overall for high-risk infants as compared to low-risk infants.
In line with our hypothesis regarding the relation between scanning patterns and ERP responses to faces, our work revealed a significant association between visual scanning patterns to faces and neural processing of faces in TD participants, but no such relationship in individuals with ASD. After accounting for age and IQ, the TD group showed a significant relationship between eye-tracking and ERPs, whereby the greater the proportion of time spent scanning the eye region, the faster the N170 response to faces, a marker of efficient face processing in past work (e.g., McPartland et al. 2004) . A different trend was also seen with respect to the mouth region, with a greater proportion of time spent scanning the mouth region associated with a slower N170 response to faces. Relating to a growing body of work highlighting the importance of information extracted from the eye region for successfully navigating the social world (see Itier and Batty 2009 , for a review), the present associations showed increasingly efficient (faster) processing of faces in TD participants who spent increasingly greater attention to the eye region.
The present associations found in typically-developing individuals between neural responding to faces and behavioral measures of face processing are consistent with past work: McPartland et al. (2004) showed that faster N170 latencies were marginally associated with better face recognition in typically-developing adolescents and adults, and Hileman et al. (2011) showed greater (more negative) N170 amplitudes associated with fewer atypical social behaviors in typically-developing children and adolescents. Past studies have mixed results examining associations between ERP responses in individuals with ASD and behavioral measures of face recognition and social competence (Hileman et al. 2011; McPartland et al. 2004; Webb et al. 2009 Webb et al. , 2010 . The absent associations between ERPs and visual scanning measures in adolescents with ASD despite significant relationships between these variables in typically-developing participants suggests that differential mechanisms are responsible for the individual differences in these measures in the ASD group. Future work should continue to delineate the influence of sympathetic arousal on individual variability in neural responding to faces in ASD (e.g., Dalton et al. 2005) .
One important limitation of the present study is the use of two different tasks and stimulus sets for the eye-tracking task and the ERP task. As described in the Methods, the ERP task was one of three neuroimaging methods used with the present participants (along with fMRI and MEG), and the task was designed in line with the other two paradigms using the identical set of stimuli. The eye-tracking task was based on prior work using passive viewing of emotional faces in young children with ASD, and the longer duration of stimulus presentation aimed to allow for more naturalistic viewing of faces. Also, although ERP stimuli were presented only when subjects were looking at the display monitor, no behavioral data were collected during this task that could address potential differences in levels of attention and engagement between groups during the ERP session. Future studies should aim to use an integrated eye-tracking and ERP system in order to ensure that looking behavior and attention during ERP cannot account for differences between groups.
A further limitation relates to medication use in the adolescents with ASD. As described in the Methods, 11 of 18 participants were on one or more medications, some typically prescribed for ADHD, some for depression, and some for psychosis. Due to the small sample size remaining after removal of these 11 participants, the present study was unable to fully assess the impact of medication on the present results. Future work should examine this potentially influential factor. Relatedly, the present study did not use a formal clinical interview or questionnaire to screen for comorbid psychopathology, using instead a self-report (or parent-report) measure. Only one participant with ASD reported a comorbid psychiatric disorder; however, since past work finds a high rate of comorbidity in ASD, future work should examine this further through additional screening measures.
In conclusion, the present eye-tracking task with ASD and typically-developing adolescents showed highly similar overall scanning of emotional faces, but differential patterns of activation in the ERP task for the N170 component, with no differentiation between the three faces in ASD. With regards to the overall similarities in eye-tracking alongside differences in ERPs, it is important to note that this high-functioning ASD group who willingly participated in a multi-site study of face processing might be inherently more socially adept compared to other individuals with ASD (see Webb et al. 2009 for discussion) and relatedly, these participants may have already received interventions aimed at increasing overt attention to the eyes and other social behaviors. The subtle differences in neural processing in individuals with ASD alongside behavioral similarities are therefore even more striking. Further, the differential relationships between visual scanning strategies favoring the eyes and efficiency in the N170 face-processing component in TD and between increased sympathetic arousal and greater attention to the mouth region in ASD points to different underlying mechanisms for face processing between groups, and future work should continue to explore these differential processes. Examples of stimuli used in a the eye-tracking study, and b the ERP experiment Electrode groupings for 128-channel HydroCel Geodesic Sensor Net Grand averaged waveform for P1 and N170 to angry, fearful, and neutral expressions in a TD participants and b ASD participants Grand averaged waveform for P1 and N170 to house stimuli Peak amplitude of the N170 in response to the three emotion faces for ASD and TD participants. A significant group by emotion interaction was found (p < .05) with ASD showing no difference between emotions in this component and TD showing a significantly larger response for fearful faces as compared to angry. Error bars represent ± SE Mean duration of time to eye and mouth region for each subject calculated from total time across the five 5 s instances of each emotion (25 s total)
